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A multiple electrode plasma reactor arranged with electrical circuitry which allows for improved power distribution 
and plasma uniformity without requiring perfectly symmetrical power feeds, the high frequency RF power from generator 
(102) is introduced into a matching network (104) in the normal Fashion, however, upon exiting match network (104) the 
power is fed through a differential drive transformer (106). The power from the output coil (107) of the transformer is then 
split, and fed through separated feed through circuits (108) and (1 10) respectively to each of the powered electrodes (1 12) 
and (114) respectively disposed within the grounded chamber (118). To achieve uniformity, the electrodes are preferably 
formed as planar members and the spacing between the powered electrodes (112) and (114) and the grounded surfaces 
(116), (120) and (122) is equal throughout The differential drive transformer circuit applies the same RF current to each 
powered electrode creating a uniform plasma between the two powered electrodes and the grounded surfaces. 
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SPECIFICATION 

"Multiple Electrode Plasma Reactor 
Power Distribution System" 

BACKGROUND OF THF IKfVFMTIOM 
Field of the Invention 

This present invention relates generally to electrical circuitry for 
gas plasma systems for the surface modification of a workpiece and more 
particularly to circuitry for multiple electrode gas plasma reactors. 

Description of Prlnr Art 

Gas plasma modification of surfaces has been found to be quite 
useful for a multitude of applications crossing many fields. These surface 
modifications include, but are not limited to, etching (metals, dielectrics, 
polymers, etc.), deposition (metals, dielectrics, polymers, etc.), etchback 
and desmear of printed circuit boards, and chemical surface treatment 
(including cleaning). A common problem which is encountered in plasma 
processing is the difficulty of obtaining uniform process results across 
the reactor. This problem is particularly evident in reactors which have 
multiple process areas utilizing a plurality of electrodes as was 
demonstrated by James W. Wilson, Plasma Ftchtnq of Organic Materials in 
Large MultinHl Reaction, Electrochemical Society Extended Abstracts, 84- 
2, Abstract No. 369, Page 521, 1984 in a reactor used to desmear and 
etchback printed circuit boards. 
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1 One cause of this phenomena Is the difference in Impedance In each 

2 of the electrical feeds to the driven electrodes brought about by having 

3 electrode feeds which are not identical or symmetrical to each other. This 

4 results in a non-symmetrical distribution of power among the electrodes 

5 which manifests itself in a non-uniform plasma and thus non-uniform 

6 processing. 
7 

8 U.S. Patent No. 4,381,965 illustrates a plasma etching reactor 

9 which has multiple pairs of electrodes which do not have symmetrical 

1 0 feeds. Each driven electrode receives the RF excitation by way of separate 

1 1 variable capacitances each in series with the input to the electrode plates. 

12 Uniform etching performance in each plasma region is achieved 

13 empirically by tuning each of the latter capacitances, determining the 
H degree of etching occurring in each plasma region, re-adjusting the 

15 capacitances, observing the changes and continuing the testing and re- 

16 adjusting procedures until the etching effects are balanced. This process 

17 is lengthy and can be quite arduous. In addition, these settings are only 

18 true for a very narrow range of process parameters (power, pressure, gas 

19 utilized, load, etc.) and must be repeated when the parameters are changed 

20 significantly. 
21 

22 Another cause of non-uniform plasmas is the change in the 

23 electrical characteristics of the plasma due to loading effects, i.e., 

24 placement of multiple parts within a reactor. In U.S. Patent No. 4,282,077, 

25 which describes a plasma reactor (a multiple electrode system) used for 

26 desmear and etch-back -of printed circuit boards, this problem was 
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overcome by utilizing variable inductances in series with each of the 
electrodes. Again uniformity is only obtained emperically using a lengthy 
and arduous procedure of tuning individual inductors that Is similar to the 
one mentioned above in U.S. Patent 4,381,965. In addition, the variable 
inductors are positioned within the reactor and thus exposed to the plasma 
conditions where they are subject to the atmospheric permeability 
variation as the plasma's electrical characteristics are changed. This 
feature makes a wide pressure use at a single setting difficult if not 
Impossible to achieve. The gas chemistry and the process conditions 
which affect the electrical characteristics of the plasma also contribute 
to this variability. 

Another example of a multiple electrode system Is demonstrated 
by U.S. Patent No. 4,474,659 where the workpieces themselves are acting 
as electrodes and multiple generators are used to obtain good uniformity, 
in this case, however, the goal Is not to achieve electrical equality among 
the electrodes, but to vary the RF excitation power to each individual 
electrode to compensate for differences In gas composition and flow 
between various electrodes. In this patent Is also disclosed a planar type 
electrode arrangement which is composed of multiple areas driven by 
different generators or by a single generator with attenuation of the 
individual feeds to the different areas of the electrode. 

SUMMARY OF THF INVFNTIOM 

It is an object of the present Invention to provide a new and 
improved apparatus for plasma processing for the surface modification of 
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workpieces whether it be by etching, deposition or some other means of 
surface treatment, in an Ionized gas plasma in a multiple-electrode 
environment. 

It is another object of the present Invention to provide a multiple 
electrode plasma reactor which permits the uniform processing of 
workpieces independent of the loading. 

It is a further object of the present invention to provide a multiple 
electrode plasma reactor circuit which distributes the power evenly to 
each of the electrodes- providing uniform plasma processing 
characteristics across the reactor. 

It is yet another object of the present invention to provide a 
multiple electrode plasma reactor circuit which eliminates the necessity 
for tuning individual circuit elements in order to obtain uniform process 
results. 

It Is yet a further object of the present invention to provide a 
multiple electrode plasma reactor circuit which eliminates the need for 
multiple generators and/or multiple matching networks. 

It Is still another object of the present Invention to provide a 
multiple electrode plasma reactor circuit which eliminates tuning devices 
and replaces them with a single component which does not require tuning. 
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1 It is still a further object of the present invention to provide a 

2 multiple electrode plasma reactor circuit which provides power to 

3 electrodes located In two different chambers and creates uniform plasmas 
, 4 within said chambers and which does not require tuning of the individual 

5 chambers relative to each other. 
6 

7 The present invention comprises electrical circuitry which 

8 creates uniform plasma characteristics In multiple electrode plasma 

9 reactors. It utilizes an electrical power-splitting element in the circuitry 

10 which provides power to the powered electrodes and minimizes the effect 

11 of the differing impedances of the power circuits and chamber 

12 characteristics. Such power-splitting elements as a differential drive 

13 transformer and/ or a center-tapped coll are utilized, and the requirement 

14 in the prior art for tuning the power circuit elements is obviated. 
15 

16 it is an advantage of the present invention that It provides a new 

17 and improved apparatus for plasma processing for the surface 

18 . modification of workpleces whether It be by etching, deposition or some 

19 other means of surface treatment, In an Ionized gas plasma in a multiple- 

20 electrode environment. 
21 

22 It is another advantage of the present Invention that it provides a 

23 multiple electrode plasma reactor which permits the uniform processing 
,24 of workpleces independent of the loading. 

25 
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1 It is a further advantage of the present invention that it provides a 

2 multiple electrode plasma reactor circuit which distributes the power 

3 evenly to each of the electrodes providing uniform plasma processing 

4 characteristics across the reactor. 
5 

6 It is yet another advantage of the present invention that it 

7 provides a multiple electrode plasma reactor circuit which eliminates the 

8 necessity for tuning individual circuit elements in order to obtain uniform 

9 process results. 
10 

11 It is yet a further advantage of the present invention that it 

12 provides a multiple electrode plasma reactor circuit which eliminates 
£3 multiple generators and/or multiple matching networks. 

15 ft Is still another advantage of the present invention that it 

1-6 provides a multiple electrode plasma reactor circuit which eliminates 

17 tuning devices and replaces them with a single component which does not 

18 require tuning. 
19 

20 It is still a further advantage of the present invention that it 

21 provides a multiple electrode plasma reactor circuit which provides power 

22 to electrodes located in two different chambers and creates uniform 

23 plasmas within said chambers and which does not require tuning of the 

24 Individual chambers relative to each other. These and other 

25 objects and advantages of the present invention will become apparent to 
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1 one skilled In the art from consideration of the drawings and ensuing 

2 description of the preferred embodiments. 
3 

, 4 IN TMF DRAWING 

5 Fig. I is an electrical circuit diagram depicting a prior art L type 

6 reactive matching network for a single electrode chamber; 
7 

8 Fig. 2 is a circuit diagram for a prior art multiple electrode 

9 reactor; 
10 

11 Fig. 3 is an electrical schematic of a first preferred embodiment 

12 of the present invention; 

13 

H Fig. 4 is an electrical schematic diagram of another preferred 

15 embodiment of the present invention; 

16 

1 7 Fig. 5 is an electrical schematic of a further preferred 

18 embodiment of the present invention depicted in Fig. 4; 
19 

20 Fig. 6 is an electrical schematic of the present invention as 

21 applied to two single electrode chambers. 
22 

23 DESCRIPTION OF THF PRFFFRRFD FMROniMFKIT 

24 Plasma chambers driven at frequencies of less than 100 MHz 

25 usually contain an electrode driven by the power generator and a grounded 

26 return path. Between the powered electrode and the ground electrode is a 
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space in which the AC discharge takes place. The problem to be addressed 
is the optimal delivery of high frequency energy from a generator of fixed 

3 output impedance to a load which typically has other than optimal 

4 impedance, in prior art single electrode plasma chambers this is 

5 accomplished through the use of the usual L type reactive matching. 

6 network, usually transforming the resistive nature of a plasma in series 

7 with the sheath capacitance near the electrode, to a 50 ohm source. A 

8 typical circuit diagram representation of the L type reactive matching 

9 network is presented in Fig. I . 
10 

1 1 A s depicted in Fig. 1, an L type reactive matching network 1 0 for a 

12 single electrode chamber includes an RF generator 1 2 shown with a source 

13 impedance 1 4, which is typically 50 ohms, an L type matching network 1 6, 

14 and a single powered electrode 18 together with a single grounded 

15 electrode 20 within a chamber 22. The matching network 16 includes a 

16 capacitance 24 and an Inductance 26. when activated, the single powered 

17 electrode chamber 22 may be electrically represented as a capacitance 28, 

18 shown in phantom, and resistance 30, shown in phantom, which represent a 

19 simple model of the capacitance of the plasma sheath Faraday space and 

20 the resistance of the plasma. The operation and dynamics of this circuit 

21 representation are known 1n the prior art and well understood by the 

22 ordinarily skilled worker. 
23 

24 ln a multiple electrode reactor arrangement symmetry is critical 

25 for achieving a uniform voltage prof i le along and between each electrode. 

26 Without good voltage distribution plasma uniformity becomes very poor 
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1 often to the extent that different zones in the reactor will -yield very 

2 different reactivities and the uniformity of plasma treatment will become 
• 3 unacceptable. As Indicated hereinabove in U.S. Patents 4,282,077 and 

4 4,381,965, a problem with multiple electrode chambers has been that 

* 

5 individual tuning of each of several inductors, or their equivalent 

6 capacitors, "is required. The multiple electrode reactor thus proves to have 

7 special problems involving the Impedance matching of multiple electrodes, 

8 having variable surface areas due to loading, and non-symmetrical RF feed 

9 lengths. 
10 

H A representative diagram of a typical prior art three-electrode 

12 reactor Is presented In Fig. 2. As depicted therein the three-electrode 

13 reactor circuit diagram 50 Includes a first powered electrode 52, a second 

14 powered electrode 54 and a grounded electrode 56 disposed between the 

15 powered electrodes 56 and 54 and within a grounded chamber 58. Two 

16 plasmas are created in the spaces between the grounded electrode 56 and 

17 the two powered electrodes 52 and 54. The grounded walls of the chamber 

18 58, principally the upper wall 60 and lower wall 62 typically act as 

19 grounded electrodes relative to the powered electrodes 52 and 54 

20 respectively, such that plasmas are also created between the powered 

21 electrodes 52 and 54 and the grounded walls 60 and 62 respectively. A 

22 generator 66 and a matching network 68 supply power to the two powered 

23 electrodes 52 and 54. 
24 

V 

25 When materials to be treated in the plasma chamber are unevenly 

'26 loaded onto the reactor shelves, the surface area and thus the capacitlve 
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coupling differs between -the shelves of the chamber. This effect 
combined with the differences in feed line inductance produces two 
distinctly different load impedances between the multiple electrodes 
within the chamber. Two variable Inductors, 70 and 72 enable the user to 
individually tune the two power circuits to the powered electrodes 52 and 
54 respectively, such that the plasma fields generated between the two 
powered electrodes and the grounded surfaces will be uniform. Such 
uniformity is desired to obtain similar results on work pieces placed on 
different shelves within the chamber. The device depicted in Fig. 2 and 
described hereinabove Is similar in operation to that described in U.S. 
Patent 4,282,077. Of course, as described in U.S. Patent 4,381,965, the 
two variable inductors 70 and 72 can be replaced by two variable 
capacitors (not shown) which also permit the individual tuning of the two 
powered circuits to obtain uniform results. 

In a multiple electrode reactor arrangement symmetry is critical 
for achieving a uniform voltage profile along and between each electrode. 
Without good voltage distribution plasma uniformity becomes very poor 
often to the extent that different zones in the reactor will yield very 
different reactivities and the uniformity of plasma treatment will become 
unacceptable. As indicated hereinabove in U.S. Patents 4,282,077 and 
4,381,965, a problem with multiple electrode chambers has been that 
individual tuning of each of several inductors, or their equivalent 
capacitors, is required. 
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1 The J present invention is a multiple electrode plasma reactor 

2 having a configuration and electrical circuitry which allows for improved 
■. 3 power distribution and plasma uniformity without requiring perfectly 

4 symmetrical power feeds. In a preferred embodiment 100 of the present 

5 invention, as depicted in Fig. 3, the high frequency RF power from 

6 generator 102 is introduced into a matching network 104 in the normal 

7 fashion, however, upon exiting match network 104 the power is fed 

8 through a differential drive transformer 106. The power from the output 

9 coll 107 of the transformer is then split, whereby each end 109 and 1 1 1 of 

10 the output coil 107 of the transformer 106 is fed through separate 

11 feedthrough circuits 108 and 110 respectively to each of the powered 

12 electrodes =112 and 114 respectively disposed within the grounded 

13 chamber 118. The central electrode 1 16 in the chamber 118 is grounded, 

14 and the upper wall 120 and lower wall 122 of the grounded chamber 1 18 

15 also act as grounded electrodes. To achieve uniformity, the electrodes are 

16 preferably formed as planar members and the spacing between the powered 

17 electrodes 1 12 and 1-14 and the grounded surfaces 116, 120 and 122 is 

18 equal throughout. Each RF power feedthrough circuit J 08 and 110 may be 

19 provided wfth a DC blocking capacitor 124 and 126 respectively. The 

20 output coll ;107 may have a grounded center tap 128, and alternatively, a 

21 single DC blbcking capacitor (not shown) may be located in the grounded 

22 center tap. jThe blocking capacitors 124 and 126 are utilized to prevent 

23 self-bias drain of the powered electrodes. The effect of the differential 

24 drive transformer power circuit is to present to the matching network 104 

25 one load impedance to be corrected. The differential drive transformer 
'26 circuit applies virtually the same RF current to each powered electrode 
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1 12 and 114, balancing the discharge power evenly and creating uniform 

2 plasmas between the two powered electrodes 112 apd 114 and the 

3 grounded surfaces 116, 120 and 122. The circuit configuration 100 

4 therefore compensates for the variations caused by differing electrical 

5 feedthrough designs, shelf loading effects and other variables, and thus 

6 facilitates uniform plasmas in the processing areas' of the reactor 

7 chamber. 
8 

9 A second preferred embodiment 200 is depicted in Fig. 4. This 

10 embodiment includes the use of a single center-tapped coil 202 which 

11 replaces the differential drive transformer 106 and blocking capacitors 

12 124 and 126, shown In Fig. 3. Thus, the electrical power is fed from the 

13 match network 206 through the center tap 203 of coil 202 and split, 

14 whereby power is fed through each end 205 and 207 of coil 202 and then 

15 through separate feedthrough circuits 208 and 2 1 0 respectively to each of 

16 the powered electrodes 212 and 214 respectively disposed within the 

17 grounded chamber 218. The central electrode 216 is grounded and the 

18 upper wall 220 and lower wall 222 of the grounded chamber 218 also 

19 function as grounded surfaces. The generator 204, match network 206 and 

20 chamber electrode configuration are similar to those depicted in Fig. 3. A 

21 DC blocking capacitor 224 may be located in the RF power line between the 

22 matching network 206 and the center-tapped coi I 202. 
23 

24 The contribution of the center-tapped coil 202 to the power 

25 circuit is to tightly couple the powered electrodes 212 and 214 together 

26 The center-tapped coil 202 thus in effect places the multiple electrodes 
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1 in series in a tightly coupled fashion such that the matched network sees 

2 one load impedance presented to it. Any impedance imbalance between the 
. 3 two powered electrode circuits 208 and 210 will cause a differential 

4 current to flow through the coupled inductor 202. The net result is that 

5 the electrode power distribution system is self-balancing, even though 

6 different shelf loading configurations and other process parameters are 

7 utilized. Thus a uniform plasma is established in multiple plasma zones 

8 concurrently, and the uniform processing of workpieces, independent of 

9 the loading, Is thus achieved. 
10 

1 1 Fig. 5 depicts an extension of the preferred embodiments depicted 

12 in Figs. 3 and 4 as applied to a plurality of electrodes in a plurality of 

13 chambers and/or zones within a chamber. The multiple electrode circuit 

14 300 includes a plurality of reactive circuit elements, shown as center- 

15 tapped colls, which are configured to receive power from an RF generator 

16 •' 301 through a single matching network 303. The center-tapped coils could 

17 be replaced by differential drive transformers as Is seen by comparing 

18 Figs. 3 and 4 hereinabove. As depicted in Fig. 5, a center-tapped coil 302 

19 delivers RF power to the center tap of two subsequent center-tapped coils 

20 304 and 306 which feed power to two different chambers 318 and 328. 

21 Coll 306 thereafter delivers power to the center tap of two further 

22 center-tapped coils 308 and 310. Coil 304 delivers power to two powered 

23 electrodes 312 and 314 which create plasmas in association with 

24 grounded electrode 316 and the chamber walls within one chamber 318. 

25 in relation to the other chamber 328, coll 308 delivers power to powered 

26 electrodes 322 and 324 which create plasma fields in association with 
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1 grounded electrodes 326 and 330 and the chamber wall of chamber 328, 

2 and coll 310 delivers power to two powered electrodes 332 and 334 which 

3 create plasma fields in relation to grounded electrodes 330 and 336 and 

4 the chamber wall of chamber 328. Plasma fields generated in association 

5 with coil 304 will be uniform. Likewise, assuming that shelf spacing and 

6 other parameters are equal, the plasma fields generated In relation to 

7 powered electrodes 322, 324, 332 and 334 from coils 308 and 3 1 0 within 

8 chamber 328 will all be uniform. However, owing to the further splitting 

9 of the power from coil 306 into colls 308 and 310, the plasma fields 
10 generated in association with coil 304 will have twice the power as the 
U plasma fields associated with coils 308 and 310. Thus, the splitter coil 

12 concept may be utilized to create chambers having a plurality of powered 

13 electrodes interspersed with ground electrodes, wherein uniform plasmas 

14 will be created between the various powered and grounded surfaces. 

15 : 

16 F1 9- 6 is an electrical schematic of the present invention as 

17 applied to two single electrode chambers. As depicted in Fig. 6, the two- 

18 chamber circuit 400 Includes a center-tapped coil 402 which receives RF 

19 power from an RF generator 404 through a matching network 406. A DC 

20 blocking capacitor 408 may be employed in the RF power line between the 

21 matching network 406 and the center tap of the coil 402. RF power from 

22 one output end 410 of coil 402 is provided to a powered electrode 412 

23 disposed within a first reactor chamber 414. Output power from the other 

24 end 416 of coil 402 is supplied to a second powered electrode 418 which 

25 Is disposed within a second reactor chamber 420. Grounded electrodes 

26 422 and 424 may be disposed within the chambers 414 and 420 
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1 respectively, and the chamber walls of chambers 414 and 420 may 

2 likewise be grounded, ft Is therefore to be appreciated that the electrical 
, 3 circuit 400 permits two reactor chambers to be driven by a single RF 

4 generator 404 with a single matching network 406 in a electrical circuit 

5 that automatically adjusts for differing Impedance loading within each 

6 chamber 414 and 420, such that uniform plasmas are created in both 

7 chambers. It is to be appreciated that the electrical circuit 400 of Fig. 6 

8 and the electrical circuit concepts of Fig. 5 may be combined in various 

9 ways to provide RF power to a plurality of reactor chambers having at 

10 least one but perhaps several powered electrodes disposed within the 

11 various reactor chambers. The utilization of self-tuning circuit 

12 components, such as the differential drive transformers and/or center- 

13 tapped coils results in a self-tuning electrical circuit that provides for 

14 uniform plasmas among similarly powered electrodes. 
15 

16 Generally, the power-splitting concept of the present invention for 

17 creating plasmas in relation to a plurality of powered electrodes may be 

18 constructed where the number of powered electrodes is a number (N) 

19 which is equal to an integer greater than 1. The reactive circuit elements, 

20 such as 302, 304, 306, 308 and 310 of Fig. 5 may be either center-tapped 

21 colls or differential drive transformers, and the number of reactive 

22 circuit elements will be equal to the number (N) of powered electrodes 

23 minus one. Thus, a circuit of the type depicted in Fig. 5 may have a number 

24 (Y) of reactive circuit elements including a number (D) of differential 

25 drive transformers, a number (C) of center-tapped coils; where Y = C + D, 

26 and where Y = N - 1 and further where N is an integer greater than I . 
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1 

2 While the Invention has been particularly shown and described 

3 with reference to certain preferred embodiments, it will be understood by 

4 those skilled in the art that various alterations and modifications In form 

5 and detail may be made therein. Accordingly it is intended that the 

6 following claims cover all such alterations and modifications as may fall 

7 within the true spirit and scope of the Invention. 
8 

9 What I claim Is: 
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t IN THF CLAIMS 
2 

.3 I . A multiple electrode plasma reactor power circuit comprising: 

4 an RF generator; 

5 a matching network being electrically connected to said RF 

6 generator; 

7 at least one reaction chamber having a total of at least two 

8 powered electrodes disposed within said chambers and at least one 

9 grounded surface disposed In each said chamber, said powered electrodes 

10 and said grounded surfaces being positioned relative to each other such 

11 that at least one plasma for each powered electrode is created upon the 

12 application of RF power thereto; 

!3 an electrode power circuit disposed between said matching 

14 network and said powered electrodes to feed RF power from said matching 

15 network to said powered electrodes; said electrode power circuit 

16 including a circuit means having an input power line connected from said 

17 matching network 'and having output power lines connected to said 

18 powered electrodes and operative to split said RF power among said 

19 powered electrodes, said circuit means being automatically reactive to 

20 changes in the impedance between various ones of said powered electrodes 

21 and said grounded surfaces to alter the RF power applied to each said 

22 powered electrode to balance said plasmas generated between each said 

23 powered electrode and said ground surfaces. 
24 
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A multiple electrode plasma reactor as described in Claim I 
wherein said circuit means includes at least one differential drive 

3 transformer. 
4 

5 3. A multiple electrode plasma reactor power circuit as described in 

6 Claim 2 wherein each said powered electrode is electrically connected to 

7 an output line from a differential drive transformer. 
S 

9 4. A multiple electrode plasma reactor power circuit as described in 

10 Claim l wherein two powered electrodes are disposed within one said 

11 chamber and one grounded electrode is disposed within said chamber 

12 between said two powered electrodes; and 

13 said circuit means includes a differential drive transformer 
H having two output lines wherein each said powered electrode Is connected 
15 to. one of said two output lines. 

16 

17 5. a multiple electrode plasma reactor power circuit as described in 

IS Claim 4 wherein said differential drive transformer includes an output 

19 coil havtng two output ends, each said output end being electrically 

20 connected to one of said powered electrodes; said output coil being 

21 electrically connected to ground at a center tap thereof and wherein a DC 

22 blocking capacitor is electrically connected In said electrical circuit 

23 between each said powered electrode and said grounded center tap of said 

24 differential drive transformer. 
25 
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1 6. A multiple electrode plasma reactor power circuit as described In 

2 Claim I wherein said circuit means includes at least one center-tapped 
. 3 coil, each said center-tapped coll having two output ends, and wherein 

4 each said powered electrode is connected to an output end of a center- 

j 

5 tapped coil; and wherein said matching network is connected to the center 

6 tap of a center-tapped coil. 
7 

8 7. A multiple electrode plasma reactor power circuit as described in 

9 Claim I wherein two powered electrodes are disposed within one said 

10 chamber and one grounded electrode Is disposed within said chamber 

1 1 between said two powered electrodes; and 

12 said circuit means Includes a center-tapped coll having said input 

13 power line connected to the center tap of said coil, and said coil having 

14 two output lines wherein each sa|d powered electrode is connected to one 

15 of said two outputltnesV 
16 

17 8. A multiple electrode plasma reactor power circuit as described in 

18 Claim 1 wherein said circuit means Includes a number (Y) of circuit 

19 elements including a number (D) of differential drive transformers and a 

20 number (C) of center-tapped coils, and wherein Y - D ♦ C and wherein said 

21 chamber includes a number (N) of powered electrodes, wherein Y - N - 1, 

22 and wherein N is an integer greater than 1 . 
23 

24 9. A multiple electrode plasma reactor comprising: 

25 a chamber- being defined by walls within which plasmas are 
•26 created; 
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1 a plurality of powered electrodes and at least one grounded 

2 surface being disposed within said chamber whereby said plasmas are 

3 struck between said powered electrodes and said grounded surface; 

4 said powered electrodes being connected to an RF power splitting 

5 circuit means, said circuit means being joined at an RF power input 

6 thereof to an RF power source; 

7 said circuit means being reactive to differing impedances between 

8 said powered electrodes and said grounded surface to alter the RF power 

9 supplied to each said powered electrode to balance the plasmas generated 
10 between each said powered electrode and said grounded surface. 

11 

12 10. A multiple electrode plasma reactor as described in Claim 9 

13 wherein a grounded electrode Is disposed between each said powered 

14 electrode. 
15 

16 11. a multiple electrode plasma reactor as described in Claim 10 

17 wherein said powered electrodes and said grounded electrodes are formed 

18 as planar members and disposed within said chamber such that an equal 

19 distance exists between each said powered electrode and grounded 

20 electrode. 
21 

22 12. A multiple electrode plasma reactor as described In Claim 1 1 

23 wherein said circuit means Includes a number (Y) of circuit elements 

24 including a number (D) of differential drive transformers and a number (C) 

25 of center-tapped coils, and wherein Y = D ♦ C and wherein said chamber 
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1 includes a number (N) of powered electrodes, wherein Y ■ N - I, and 

2 wherein N Is an Integer greater than I. 
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